The material exchanges between the nucleus and the cytoplasm were studied in the early days of cytology.
proposed the hypothesis that the nucleolus acts as a mediator in the expression of chromosomal control of cytoplasmic synthesis.
Stimulat6d by such an opinion by C a s p e r s s o n, the interest concerning the function of the nucleolus has been further enhanced, and the behavior of the nucleolus came to draw wider attention.
Hy dên (1947, 1952) and Ku hl e nk amp ff (1951) reported that when the function of the nerve cells is stimulated, the Nissl bodies are interrupted and the nucleolus takes part in supplemeting the cytoplasmic nucleotides lost by the interruption.
Her t1 (1957) propounded in his reprot the opinion that the nucleotides of the chromatolytic cytoplasm are probably supplied by the nucleoli.
Then, how does the nucleolus act in compensating for the lost cytoplasmic nucleotides?
C a s p e r s son and Hy d en say that nucleolar protein containing ribonucleic acid is transferred to the part near the nuclear membrane and at the same time, the cytoplasmic ribonucleic acid is enriched in the surface area of the nucleus in the cytoplasm.
On the other hand, Altmann (1952) demonstrated experimentally that the nucleolar substance is extruded directly into the cytoplasm, using pancreatic cells.
The author of this paper frequently observed extrusion of nucleoli and their contents into the cytoplasm during the chromatolytic change 149 150 T. Osaki of spinal ganglion cells of dogs. This observation may be similar to that reported by Altman n, but the actual pictures of extrusion of nucleoli and their contents were found to be not always uniform but showing several different types.
Hereunder, the author will describe the results of the morphological study on the types of extrusion of nucleoli and their contents into cytoplasm.
Methods and Materials
The adult dogs were used in this study. Their sciatic nerves were cut in the lower part of the greater sciatic foramen and the wounds were aseptically closed.
Every 24 hours after the neurotomy, one each of the 10 dogs was sacrificed by bleeding from the common carotid artery.
Their spinal ganglia to be tested were immediately extructed and fixed in Zenker's fluid, Levi's fluid and then in 95 alcohol, embeded in paraffin, cut into 4 p section, and stained with hematoxylin-eosin, Heidenhein's hematoxylin, Azan's stain, thionin, Feulgen's stain or methylgreen-pyronin.
Results
In the spinal ganglia sampled 24 hours after the cutting of the sciatic nerve, a part of the ganglion cells already showed the picture of the nucleoli and their contents, extruded into the cytoplasm.
Such extrusion of the nucleoli and their contents was more frequently observed in the spinal ganglion cells of 3-8 days after the recision of the sciatic nerve.
In the normal spinal ganglion cells, too, nucleoli and their contents were found extruded, but on much rarer occasions than in the ganglion cells wherein chromatolytic change occured.
Campbell and Novick (1946) have published the method of quantitatively detecting the degree of change of the Nissl bodies following cutting of axons.
In trying detecting the degree of chromatolytic change of the spinal ganglion cells following recision of the sciatic nerve, in compliance with their method, it was found that the change of the Nissl bodies appears in the first day after the recision of axon already, rises abreast with the lapse of time in severity and reaches the maximum on the 8th day. From this observation, it could be deduced that the extrusion of the nucleoli and their contents is more frequent in the stage when the collapse of Nissl bodies is actively going on.
Nextly, as Kiss (1932) and Blair (1936) have pointed out , three different types of cells-the large-sized cells of 60-80p , the small-sized cells of 30-40p and the medium-sized cells of around 50/ .6 in diameter are found in the spinal ganglia. When the spinal ganglion cells were observed separately by the three types, however, the extrusion of the nucleoli and their contents was not always to be considered as occuring in the same frequency in all the types.
In fact, the extrusion was observed most frequently in the mdium-sized cells and in the small-sized cells but only rarely in the large-sized cells. Now, in describing the morphological findings of such extrusion during chromatolysis, the author must distinguish the extrusion of the nucleoli from the extrusion of the nucleolar substance (contents) , for it seems quite apparent that the behavior of the nucleolus is different in these two cases.
I. On the extrusion of the nucleoli into the cytoplasm in chromatolysis
In a normal spinal ganglion cell, a single large nucleolus stands centrally in the nucleus. But in a degenerated ganglion cell, a nucleolus is often found in the chromatolytic cytoplasm but no more in the nucleus.
It is, however, very difficult to meet a specimen where the nucleolus just happens to pass through the nuclear membrane, as we might expect under the assumption of extrusion of nucleoli into the cytoplasm.
Perhaps it may be that we have a very small chance of catching such a critical moment in the fixed and stained preparations.
In Fig. I is illustrated such a rare picture of nucleolar extrusion found in preparation of a spinal ganglion sampled on the third day after excision of the axon. Here, the nucleolus is seen clearly leaving trace of its exit into the cytoplasm, and the part of the nuclear membrane on the course of extrusion is clearly perforated. This picture gives the impression that the transit of the nucleolus into the cytoplasm is accomplished rather rapidly. The aperture in the nuclear membrane left by the extrusion seems to be reclosed after the passage of the nucleolus.
In Fig. 2 , where we see a picture probably of a nucleolus just come out into the cytoplasm, the nuclear membrane is continuous.
The trace of the 152 T. Osaki transit of the nucleolus is already obliterated and in the nucleus we see some small fragments darkly stained by hematoxylin, suggestive of formation of the neonucleolus.
The nucleolus extruded into the cytoplasm soon collapses into fragments stained deeply by hematoxylin and thionin.
Thus, the contents of the nucleolus probably go on freely diffusing in the cytoplasm.
Besides such picture of the nucleolar extrusion as described above, also pictures of many small nucleoli scattered in the cytoplasm is frequently found.
In a normal spinal ganglion cell, as stated above, as a rule one nucleolus is found in its nucleus. So, if more than one nucleolus are found in a nucleus, these must be surplus nucleoli, that is, the He it z' s so-called " Nebennukleolen " (1937) .
During chromatolysis, small nucleoli or Nebennuk leolen " are often found not only in the nucleus but also in the cytoplasm, as shown in Fig. 3 . In Fig. 4 , we find no nucleolus proper in the nucleus but only numerous small nucleoli extruded into the cytoplasm. It may be inferred that in chromatolysis, many small nucleoli appear in the nucleus and are destined to be extruded into the cytoplasm.
In this case too, it is rare that we chance upon a picture of the moment when these small nucleoli just pass through the nuclear membrane into the cytoplasm.
Fig . 5 and 6 show such rare instances. In Fig. 5 we found no anomaly in the nuclear membrane, as once described in the report by Marx and H O p k e r (1597), that is, we cannot explain the mechanism of the passage of nucleoli through the nuclear membrane from this figure. In Fig. 6 , the picture of rupture of the nuclear membrane is manifest, and we see therein also distinct trace of the course of extrusion of a small nucleolus out of the nucleus into the cytoplasm.
From the above findings, we may deduce that there are two different modes in the extrusion process of nucleoli into the cytoplasm in chromatolysis-the one consisting in the extrusion of the nucleolus proper itself and the other in the extrusion of plural small nucleoli formed by break-up of the nucleolus.
On the extrusion of the nucleolar substance into the cytoplasm in chromatolysis
In chromatolysis, we find not only the picture of extrusion of the nucleolus itself, but also that of emission of the contents of the nucleolus.
In the latter case, it is the behavior of the Feulgen-, positive substance in the nucleus to come most prominently into the question.
In Feulgen The Feulgen-positive threads are also indistinctly or sometimes scarcely visible. When the nucleolus is ejected into the cytoplasm, as described above, the Feulgen-positive granules attached to the nucleolus are transferred to the cytoplasm adhering to the nucleolus. Now, in chromatolysis, the existence of the Feulgen-positive granules on the nucleoli and the nuclear membrane as well as of the Feulgen-positive threads between them becomes manifestly observable, as illustrated in Fig. 7 . Sometimes, a large granule or mass strongly reacting with Feulgen-stain is found along some of the Feulgenpositive threads. Fig. 8 . shows a picture of those stained by methylgreen-pyronin under higher manification.
Here, the outer surface of the threads is methylgreen-stained, but a pyronin-positive substance is found inside them, extending up to the nuclear membrane and partly beyond the membrane to the surface area of the nucleus in the cytoplasm. Such a picture suggests' that a part of the nucleolar substance may be extruded into the cytoplasm through, the tubes formed by the Feul gen-positive threads.
Besides the above described picture of the extrusion of a part of the nucleolar substance into the cytoplasm, the pictures suggesting that a larger volume of nucleolar substance is discharged otherwise into the cytoplasm are found. Fig. 9 and 10 illustrate this phenomenon.
As seen in Fig. 9 , the nucleolus gradually moves toward the nuclear membrane and finally comes into contact with it ( Fig. 10) .
In such a case, the Feulgen-positive thread is seen contracted and broadened as if drawing the nucleolus to the nuclear membrane, 154 T. Osaki and at the same time, the Feulgen-positive granules on the nucleolus and*the nuclear membrane are amplified.
When the nucleolus has come into -contact with the nuclear membrane, the granule on the nucleolus fuses with that on the nuclear membrane and forms a broad Feulgen-positive mass. Often the point of the nuclear membrane attached to the nucleolus is found depressed to the side of the nuclear plasm and forming a small inlet.
In Fig. 10 is illustrated a pyronin-stained nucleolus in contact with the nuclear membrane.
The pyronin-positive substance is seen spread over the surface area of the nucleus in the cytoplasm, with its center at the site where the nucleolus touches the nuclear membrane.
This indicates probably that, as Altmann has already pointed out, a nuclear pore has been formed at the site of the nuclear membrane where the nucleolus has approached, and through the pore a large mass of nucleolar substance has been extruded. In this preparation, however, the pore could not be actually found. The proposition postulating that the nucleolus comes into contact with the nuclear membrane and discharges a mass of nucleolar substance into the cytoplasm through it is corroborated by the picture shown in Fig. 11 under Heidenhein's hematoxylin staining. This figure shows the appearance of nucleolar substance being jetted out through a small pore in the nuclear membrane.
A similar picture of nucleolar substance gushing out into the cytoplasm is shown also in Fig. 12 , where we see the content of a small nucleolus ejected.
Feulgen-positive granules surround the small nucleoli or the " Nebennukleolen " too , and here also Feulgen-positive threads are stretched between them and chromatin granules on the nuclear membrane.
The small nucleoli, like the larger nucleoli proper, come into contact with the nuclear membrane, perhaps by the help of the threads, and extrude their contents into the cytoplasm. Upon going through these works, it strikes us that there is a set of definite types in the morphology of extrusion of the nucleoli and their contents into the cytoplasm.
A representative type of, the extrusion processes was described by Berg in his report on hepatic cells, as follows. When the function of a cell is accelerated, the nucleolus increases in size and the inflated nucleolus shows a vesicular appearance , which Berg has called a Nukleolusblase ". Such a " Nukleolusblase " stands just inside the nuclear membrane and at the point of contact a pore is found , through which the content of the nucleolus runs out into the cytoplasm .
Another representative type of the extrusion has been presented by H e t t, who says that from the centrally-standing nucleolus is sent out a process which extends to the nuclear membrane , and at the site where it touches the nuclear membrane, the content of the nucleolus is found ejected into the cytoplasm.
Thus he understands the threadlike formation connecting the nucleolus as representing the nucleolar substance running out into the cytoplasm.
The pictures of the extrusion of the nucleolar substance of the ganglion cells in chromatolysis may be said to agree with the descriptions by Berg and Het t in essentials, the former having explained the -process of emission of large quantity of nucleolar substance and the latter that of small extrusion.
But in this connection we must note the work of Altmann on the pancreatic cells during their excretory cycle.
He suggested the existence of pathways between the " nucleolusassociated chromatin " (C as per s s o n) and the nuclear membrane. These pathways should be built up by leading threads namely the chromonemata and by the surrounding hyalonema.
The transport of the nucleolus through this tube should be effected by different stages of spiralization of the chiomonemata. Besides, Altman n has shown that when larger quantity of nucleolar substance is to be extruded, the Feulgen-positive granules around the nucleolus unite with the chromatin granules on the nuclear membrane, a pore is formed at this site in the nuclear membrane and the nucleolar substance is expelled into the cytoplasm through this pore.
This process of the extrusion of the nucleolar substance has been observed also by L e t t r é (1955) in fibroblasts in tissue cultures.
These opinions by Altmann may be said to show an advance upon those of Berg and H e t t.
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It must be pointed out, however, that the opinions on whether a pathway to lead the nucleolar substance out into the cytoplasm is actually formed are not necessarily in general agreement.
C a s p e r s s o n, Hy d é n, K la t z o (1954) and some others assert that the nucleolar substance diffuse out into the nuclear plasm to reach the nuclear membrane, thus denying the existence of such a pathway .
In the spinal ganglion cells in chromatolysis, the distinct Feu' lgenpositive threads connecting the Feulgen-positive granules on the nucleoli and those on the nuclear membrane were found , and some of these threads were observed to form tube containing a pyronin-positive substance jutting out rod-wise from the nucleolus . This findings may be taken as closely resembling that by Alt m a n n concerning pancreatic cells. In the Feulgen-positive threads, however, anything suggestive of a peristaltic movement as pointed out by Altmann could not be observed.
Another point calling our attention in the process of extrusion of the nucleolar substance apparenty consists in the behavior of the Feulgen-positive granules on the nucleolus and the nuclear membrane . B o d i a n (1959), in his report on the ganglion cells afflicted by poliomyelitis virus, remarks on the increase of the chromatic substance on their nucleoli.
In the spinal ganglion cells affected by chromatolytic change after recision of the sciatic nerve, too, there was found amplification of the Feulgen-positive granules on the nucleolus as well as an increase of the chromatic granules on the nuclear membrane . He r t 1 (1955) reported on the augmentation of heterochromatic substance in young cells in the course of maturation and L u d f or d asserted the increase of " extranucleolar chromatin " in tumor cells . C a s p e r s s o n and his school found as a rule Feulgen-positive "nucleolus -associated chromatin " in mature cells , and say that these chromatin go on incessantly producing nucleotides. From such a standpoint, in young cells in the course of development which show active cytoplasmic synthesis, or in tumor cells, we may well understand that the Feulgen-positive substance containing desoxyribonucleic acid of the " nucleolar system " (L u d f or d) would be amplified , for effecting more active synthesis of nucleolar substance to compensate for the heightened consumption of cytoplasmic nucleotides .
The development of the Feulgen-positive substance adhering to the nucleolus and the nuclear membrane in chromatolysis would have to be interpreted as an endeavor to make up for the loss of the Morphology of the extrusion of the nucleoli and their contents into the cytoplasm 157 cytoplasmic nucleotides, too. As above, besides the ejection of nucleolar contents, extrusion of nucleoli themselves into the cytoplasm is frequently observed in chromatolysis.
As clearly visible in the figures of Marx and H 6 p k e r' s and Se i t e and C ha m b o s t' s (1958) papers, nucleoli are found displaced in their own proper form into the cytoplasm. This transit from within the nucleus out into the cytoplasm must be a rather rapid one, for we often encounter traces of nucleoli transposed from the nucleus into the cytoplasm.
In such cases, the orifices are clearly visible in the nuclear membrane.
Besides, pictures of nucleoli collapsing after extrusion into the cytoplasm are also often observed, so that we may presume that nucleoli are thrown out into the cytoplasm without change in form and then gradually collapse, to release their contents into the cytoplasm. On this stage of nucleolar collapse in the cytoplasm, the orifice in the nuclear membrane is already mended, and in the nucleus, pictures of new nucleoli in the process of regeneration are often recognized. There is another type of nucleolar extrusion, consisting in the cases where the.nucleolus is not extruded in its proper form, but often being disintegrated into small nucleoli. We hl i n g (1951), in his work on the anterior horn cells of spinal cord of dogs, and Butt 1 a r-B re n t a no (1954) In chromatolysis, too, numerous small nucleoli are found in the nucleus, but in such cases, similar small nucleoli are nearly always found in the cytoplasm.
Sometimes, a small nucleolus is found just in the course of being extruded through the nuclear membrane into the cytoplasm. From these findings we may infer that, instead of the appearance of these small nucleoli themselves in the nucleus, the ejection of them into the cytoplasm is the significant moment. Thus, the emergence of many small nucleoli in the nucleus may be deemed to represent a nucleolar process anticipating their extrusion into the cytoplasm.
Then, what would be the meaning of extrusion of nucleoli and Casper s s on and his school were convinced that the nucleoli are depots of nucleotides (ribonucleic acid) and stated that these nucleotides, upon transition to the nuclear membrane, assist in the synthesis of cytoplasmic nucleic acid. Altmann also took the nucleoli to represent depots of protein including ribonucleic acid, and opined that the nucleolar substance is directly discharged into the cytoplasm, to play a role in the cytoplasmic synthesis.
In fine, it may be reasonable to concider that ribonucleic acid is related with cytoplasmic synthesis and that this cytoplasmic ribonucleic acid is subject to the influence of the nucleoli.
A marked change observed, in the cytoplasm in chromatolysis is the fragmentation of the Nissl bodies. The Nissl bodies, as Hyde n, G e r s h and B o d i a n (1943) have remarked, are entities wherein ribonucleic acid is found in combination with protein.
Therefore, the fragmentation or extinction of the Nissl bodies in chromatolysis would cause a decrease of the cytoplasmic ribonucleic acid. The extrusion of the nucleoli and their contents observed in chromatolysis then would mean a process of supplementing the cytoplasmic ribonucleic acid thus depleted, to effect acceleration of the cytoplasmic protein synthesis and better recovery of the impaired cellular function.
Hyden and K u h l e n k a m p f f assert that when the function of nerve cells is stimulated, the Nissl bodies are interrupted, and the nucleolar protein containing ribonucleic acid comes in to compensate for the cytoplasmic nucleotides depleted thereby.
This opinion of these authors may apply also to the cellular process observed in chromatolysis. If, as stated in the report by Druckrey (1943), we might assume, a fundamental phenomenological uniformity in disturbed metabolism and accentuated metabolism of the cells, we may accept as reasonable enough the similarity of the behavior of the nucleoli in chromatolysis with that under accelerated cellular function.
The question yet to be solved is why there are several types in the process of transition of the nucleolar substance into the cytoplasm in chromatolysis, why should the nucleolus itself be extruded in some cases, the nucleolus be fragmented and then extruded in other cases and only the nucleolar contents be ejected in still other cases. For the purpose of the elucidation of these questions, it would be necessary to make further study.
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Summary
The extrusion of nucleoli and their contents into the cytoplasm in the course of chromatolysis was studied morphologically, with spinal ganglion cells of dogs.
1) In the spinal ganglion cells sampled 3-8 days after recision of the sciatic nerve, pictures of nucleoli passing over into the cytoplasm were found in a rather high frequency.
In such cases, it is rather rare to come upon a picture of a nucleolus In the moment passing through the nuclear membrane, but the author had the luck of finding some such pictures in this study, in which the nuclear membrane is perforated to the size of the nucleolus, of which a distinct trace was found left of its ejection into the cytoplasm.
Seeing that such a trace was found fixed unobliterated in the specimen, we may assume that the transit of the nucleolus from within the nucleus out into the cytoplasm is rather rapid.
The extruded nucleolus would slowly collapse and their contents would diffuse out in the cytoplasm, in all probability.
In the mean time, the perforated nuclear membrane is mended and in the nucleus the new nucleolus is found already in the course of regeneration.
2) In chromatolysis, small nucleoli (H e i t z's so-called Nebennukleolen) were found often in the nucleus besides the originally existing single nucleolus. In such cases, similar small nucleoli were nearly always scattered in the cytoplasm too. Sometimes, pictures of such a small nucleolus just passing through the nuclear membrane into the cytoplasm were found.
3) Besides direct extrusion of the nucleolus, its content alone is sometimes discharged into the cytoplasm.
In this case, the behavior of the Feulgen-positive substance in the nucleus comes into the question.
In chromatolysis, the Feulgen-positive granules attached to the nucleolus and the nuclear membrane are amplified and at the same time the Feulgen-positive threads stretched between the granules of both the sites show supernormal Feulgen reaction and come to be noted as distinct entities.
In methylgreen-pyronin stained preparations, sometimes, the outer surface of the threads are stained by methylgreen and the pyroninpositive substance jutting out from the nucleolus are contained inside them. This pyronin-positive substance extends the nuclear membrane and in some cases partly through the nuclear membrane to the surface In such cases, the Feulgen-positive granule on the nucleolus and that on the nuclear membrane fuse together to form a broad Feulgen-positive mass at the point of contact, where the nuclear membrane is often caved in to the side of the nuclear plasm. The pyronin-positive substance of the nucleolus is frequently found discharged through the nuclear membrane into the cytoplasm at the point of contact of the nucleolus and the nuclear membrane.
5) In chromatolysis, the extrusion of the nucleoli and their contents seems to have its significance in supplementing the cytoplasmic nucleotides depleted by the collapse of the Nissl bodies.
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